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Preface

A geophysical investigation was conducted at the U.S. Army Materials
Technology Laboratory, Watertown, Massachusettes, by personnel of the
Geotechnical Laboratory (GL), U.S. Army Engineer Waterways Experiment
Station (WES), between 1 and 4 October 1992. The investigation was con-
ducted for the U.S. Army Environmental Center (AEC), Aberdeen Proving
Ground, Maryland. The AEC Technical Monitors were Ms. Phyllis Breland
and Mr. Mark Mahoney. Mr. William Nelson (AEC) was project geologist.

This report was prepared by Mr. Josd L. U1opis and Dr. Janet E. Simms,
Earthquake Engineering and Geosciences Division (EEGD). The work was
performed under the direct supervision of Mr. Joseph R. Curro, Jr., Chief,
Engineering Geophysics Branch. The work was perormed under the general
supervision of Drs. A. G. Franklin, Chief, EEGD, and William F.
Marcuson M, Director, GL. Field work and data analysis were performed by
Mr. Josd L. U1opis and Dr. Janet E. Simms. Mr. William Megehee, EEGD,
misted in drafting and preparing the report figures.

At the time of publication of this report, Director of WES was
Dr. Robert W. Whalin. Commander was COL Bruce K. Howard, EN.
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Conversion Factors,
Non-SI to SI Units of
Measurement

Non-SI units of measurement used in this report can be converted to SI units
as follows:

Mutiply my To Obtain

acres 4.046.873 square metwe

feet 0.3048 metere

gemna 1.0 naoteda

mis (U.S. statute) 1.609347 klometers

mle. per hour 1.609347 kilometear per hour

mllknhoo per foot 3.28 nllimhoe per meter

nmknho, per foot 3.23 niliSiemne per meter
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1 Introduction

Background

The U.S. Army Materials Technology Laboratory (MTL) is located on
36.5 acres of land on the north bank of the Charles River in Watertown, MA,
appoximately 5 miles west of Boston (Figure 1). The facility was established
in 1816 by President James Madison and was originally used for the storage,
cleaning, repair, and issue of small arms and ordnance supplies. During the
1800's the mission was expanded to include ammunition and pyrotechnics pro-
duction; materials testing and experimentation with paint, lubricants, and car-
tridges; and manufacture of breech-loading steel guns and cartridges for field
and siege guns. Arms manufacturing continued at the facility until operational
phasedown was initiated in 1967. In 1960, the Army's first materials research
reactor was completed at MTL, which was used actively in molecular and
atomic strucur research activities until 1970, when it was deactivated.

In December of 1989, the Secretary of Defense'; ad hoc Commission on
Base Realignment and Closure issued its final report that included a recom-
mendation, subsequently approved by Congress, for the closure of 81 Depart-
ment of Defense installations, including MTL. The MTL closure program is
being supervised by the U.S. Army Environmenl Cener (AEC).

Both the research reactor and the facilities that handled depleted uranium
(DU) were associated with the storage, testing and handling of radioactive
materials. The purpose of the geophysical investigation was to characterize
those sites not previously studied, to determine if anomalies exist, and to aid
in the decision to conduct remedial actions.

Objectives

At the request of AEC, personnel of the U.S. Army Engineer Warways
Experiment Station (WES) conducted a geophysical investigation at five loca-
tions at M7L during the period I and 4 October 1992 (Figure 2). Geophysi-
cal surveys were conducted at Sites I and 2 to delineate anomalies indicative
of buried waste and waste containers. The waste supposedly consists of bur-
ied drums of DU and/or burlap sacks containing sand and DU chips. Site 1
was a parking lot south of Bldg. 36 where former Bldg. 45 was located and



Site 2 was an area between Bldg. 295 (fuel storage tanks) and the south boun-
dary fence. Site 3 was located south of Bldg. 37 and was investigated to de-
termine the presence of a suspected underground storage tank (UST). Sites 4
and 5 were investigated to delineate anomalies indicative of unmapped under-
ground drain or sewer lines with the potential of carrying wastes off site. Site
4 was a parking lot located west of Bldg.39 whereas, Site 5, also a parking
lot, was located northwest of Bldg. 39 and south of Bldg. 243 as shown in
Figure 2. Electromagnetic (EM), magnetic, and ground penetrating radar
(GPR) surveys were conducted at the sites to accomplish these objectives.
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2 Geophysical Test Principles
and Field Procedures

Geophysical Test Principles

Electromagnetic surveys

"The EM technique is used to measure differences in terrain conductivity.
Like electrical resistivity, conductivity is affected by differences in soil porosi-
ty, water content, chemical nature of the ground water and soil, and the physi-
cal nature of the soil In fact, for a homogeneous earth, the true conductivity
is the reciprocal of the true resistivity. Some advantages of using the EM
over the electrical resistivity technique are (a) less sensitivity to localized re-
sistivity inhomogeneities, (b) no direct contact with the ground required, thus
no current injection problems, (c) smaller crew size required, and (d) rapid
measmuements (McNeil, 1980). The DU chips should be detectable if buried
in the near-surface in metal containers. However, because DU is not a good
electrical conductor and is only very weakly magnetic, it may not be detected
if buried in burlap sacks unless it is in sufficient quantity to create a conduc-
tivity contrast with that of the surrounding material.

"ITe EM equipment used in this survey consists of a transmitter and receiv-
er coil set a fixed distance apart. The transmitter coil is energized with an al-
ternating current at an audio frequency (Khz range) to produce a time-varying
magnetic field which in turn induces small eddy currents in the ground.
These currents then generate secondary magnetic fields which are sensed to-
gether with the primary field by the receiver coil. The units of conductivity
are millimhos per meter (mmho/m) or, in the SI system milliSiemens per me-
ter (mS/m). The EM data are then presented in profile plots or as isoconduct-
ivity contours if data are obtained in a grid form. A more thorough discus-
sion on EM theory and field procedures is given by Butler (1986), Telford et
al. (1973) and Nabighian (1988).

There are two components of the induced magnetic field measured by the
EM equipment. The first is the quadrature phase component, which gives the
ground conductivity measurement. The second is the in-phase component,
which is used primarily for calibration purposes. However, the in-phase com-
ponent is significantly more sensitive to large metallic objects and hence very
useful when looking for buried metal containers (Geonics Limited 1984).
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When measuring the in-phase component, the true zero level is not known
since the reference level is arbitrarily set by the operator. Therefore, mea-
surements collected in this mode are relative to a reference level and have
arbitrary units of parts per thousand (ppt).

A Geonics model EM-31 ground conductivity meter was used to survey the
sites. The EM-31 has an intercoil spacing of 12 ft and an effective depth of
exploration of about 20 ft (Geonics Limited 1984). The EM-31 meter reading
is a weighted average of the earth's conductivity as a function of depth. A
thorough investigation to a depth of 12 ft is usually possible, but below that
depth the effect of conductive anomalies becomes more difficult to distinguish.
The EM-31, when carried at a usual height of approximately 3 ft, is most sen-
sitive to features at a depth of about 1 ft. Half of the instrument's readings
result from features shallower than about 9 ft, and the remaining half from
below that depth (Bevan 1983). Figure 3 more clearly illustrates the effect of
depth on instrument sensitivity with the dashed line depicting the sensitivity of
the instrument to objects between it and the ground surface. The instrument
can be operated in both a horizontal and vertical dipole orientation (Figure 4)
with correspondingly different effective depths of exploration. The instrument
is normally operated with the dipoles vertically oriented (coils oriented hori-
zontally and co-planar) which gives the maximum depth of penetration. The
instrument can be operated in a continuous or a discrete mode.

Magnetic surveys

The magnetic method of surveying is based on the ability to measure local
disturbances of the earth's magnetic field. Magnetic anomalies are caused by
two different types of magnetism: induced and remanent magnetization
(Parasnis 1966 and Breiner 1973). Remanent magnetization is a permanent
magnetic moment per unit volume whereas induced magnetization is tempo-
rary magnetization that disappears if the material is removed from a magnetic
field. Generally, the induced magnetization is parallel with and proportional
to the inducing field (Barrows and Rocchio 1990). The remanent magnetism
of a material depends on the thermal and magnetic history of the body and is
independent of the field in which it is measured (Breiner 1973).

An EDA OMNI IV proton-precession magnetometer was used to measure
the total field intensity of the local magnetic field. The magnetic unit of mea-
surement is the nanotesla (nT) or gamma. One nanotesla is equivalent to one
gamma. The local magnetic field is the vector sum of the field of the local
magnetized materials (local disturbance) and the ambient (undisturbed) mag-
netic field. Figure 5 shows the ambient earth's field as 50,000 nT with a lo-
cal disturbance of 10 nT. Figure 5 shows that the quantity measured with the
magnetometer is the resultant total field with a value of 50,006 nT.

The magnetometer was also used with dual sensors thereby allowing the
gradient of the total magnetic field to be measured. The gradient is taken by
measuring the total field at the two sensors which are fixed a small distance
apart. The difference in values between the two sensors divided by their sepa-
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ration approximates the gradient measured at the midpoint of the sensor spac-
ing. Two advantages of using the magnetic gradient are that .L the regional
magnetic gradient is filtered out thus local anomalies are better defined and L
since the two readings are taken simultaneously magnetic storm effects and
diurnal magnetic variations are essentially removed (Breiner 1973). The
magnetometer used in this survey has an absolute accuracy of approximately
±-1 nT. For reference, the earth's magnetic field varies from approximately
60,000 nT at the poles to 30,000 nT at the equator (the nominal field strength
at MTL is 51,000 nT).

A magnetic anomaly represents a local disturbance in the earth's magnetic
field which arises from a localized change in magnetization, or magnetization
contrast. The observed anomaly expresses the net effect of the induced and
remanent magnetization and the earth's ambient magnetic field. Depth of de-
tection of a localized subsurface feature depends on its mass, magnetization,
shape and orientation, and state of deterioration.

Ground penetrating radar

Ground penetrating radar (GPR) is a geophysical subsurface exploration
method using high frequency EM waves. The GPR system consists of a tran-
smitting and a receiving antenna. The transmitting antenna transmits an EM
signal into the ground and is reflected by materials having contrasting electri-
cal properties back to the receiving antenna. These signals are then amplified,
processed and recorded to provide a continuous profile of the subsurface.

The transmitted EM waves respond to changes in soil and rock conditions
having sufficiently different electrical properties such as those caused by clay
content, soil moisture or ground water, water salinity, cementation, man-made
objects, voids, etc. The depth of exploration is determined by the electrical
properties of the soil or rock as well as by the power of the transmitting an-
tenna. The primary disadvantage to GPR is its extremely site specific applica-
bility; the presence of high-clay content soils in the shallow subsurface will
generally defeat the application of GPR (Olhoeft 1984). High water contents
in the shallow subsurface and shallow water tables can also limit the applica-
bility of GPR at some sites. A general rule is that GPR should not be applied
to projects in which the mapping objective is greater than 50 ft in depth. For
shallow mapping applications at sites with low clay content soils, GPR will
generally have the best vertical and horizontal resolution of any geophysical
method (Butler and LUopis 1990).

A Geophysical Survey Systems, Inc. SIR System-S radar with a 300 Mhz
antenna as shown in Figure 6 was used to conduct the GPR surveys. A gra-
phic recorder was used with the SIR System-8. The graphic recorder accepts
the analog signal from the receiver and produces a continuous, permanent
chart ou electro-sensitive paper. By recording a vertical intensity modulated
scan for every few inches of antenna travel, a contimuous profile is developed
showing reflections from subsurface strata and anomalies within the strata.
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Soils at MTL are agriculturally classified as Merrimac gravelly sandy
loam, although they have been significantly altered as a result of numerous
construction and fill activities (Roy F. Weston, Inc. 1992). Much of the site
is overlain by sand and gravel fill material, which is underlain by less coarse
glacial till deposits. The groundwater table ranges in depth from
approximately 4 ft in the southeaster corne of the site to 24 ft in the
no1thweater corner.

Field Methods

Detailed surveys were conducted by establishing rectangular-shaped grids
at the sites to encompass the ares of interest. The grid stations at the aites
were marked at constat intarvals with chalk on paved areas and by implant-
ing polyvinyl chloride (PVC) stakes into the ground in grassy aress. PVC
stakes were used to prevent any possible merference with the geophysical
tests conducted at the sites. Magnetic and EM-31 readings were taken at 10 ft
intervals over the gridded areas. Contimius GPR survey profile lines were
taken along the long axis of the sites and in some cases additional GPR survey
profile lines were collected transverse to the long axis of the site. The dis-
tance betwem GPR profile lines ranged between 5 and 20 ft with the distance
between profile lines being dependent on the shape and size of the target of in-
terest.

The EM-31 data were taken in both the quadrature phase (conductivity)
and in-phase mode at each measurement station. Measuremets were recorded
on a digital data logger and transferred to a portable field computer at the con-
clusion of the survey.

Total magnetic fidd and magnetic gradint readings were taken at each sur-
vey point. Data were collected and stored in the internal memory of the mag-
netometer and tranferred to a portable field computer at the conclusion of the
survey.

The radar antenna was hand-towed along each survey line at a slow walk-
ing rate (approximaty 1 to 2 miles per hour) while the control unit and
graphic recorder were operated from a motor vehicle. Station positions were
established on the radar records by electronically impressing dashed, vertical
reference lines on the graphic records as the antenna passed each mak
location.
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3 Geophysical Test Results

Presentation of Test Results

Thie results of the EM-31 and magnetic surveys for Sites 1,3,4 and 5 are
presented as contour maps of the measured values. The color contour map
show a two-dimensional representation of the data with hot colors (reds) indi-
cating areas with relatively high values and cold colors (blues) showing area
with relatively low values. No contour plots of EM-31 or magnetic survey
results were prepared for Site 2 because the site was too narrow to make a
meaningfl contour plot. Instead, profile plots showing the survey values
were prepared. The plots of the GPR survey results are presented showing
areas of discrete hits (depicted with an "X" for Sites 1,3,4 and 5 and with an
"*" for Site 2) and disturbed areas (depicted by shaded areas). A discrete hit
was identified by a hyperbolic shape on the radar record due to an isolated
buried object, whereas a disurbed area was characterized by a section of dis-
continuous reflectors and is generally associated with fill zones.

Supeimpsed on the contour and UPR plots are the locations of cultural
features (metal signs, lamp posts, steel grates, etc.) which may have an affect
or interfere with the survey results. By speimposi, the cultural features on
the contour plots anomalous features cued by these features can be account-
ed for and not misinterpreted as being caused by an unknown buried feture.
Maps of underground utilities (steam pipes, sewer lines, water lines, etc.)
were obtained from the Facilities Eagineering Branch, MTL in order to deter-
mine any correlation between interpreted anomalies and mapped utilities.

Test Results

Ste I (parking lot south of bldg. 36)

Figure 7 shows the location of Site I and the extent of the surveyed area.
Figure 7 also shows the location of the known buried utilities and utility tun-
nel. Figure 8 shows the layout of the survey grid along with the location of
cultural features. Total field magnetic, magnetic gradient, EM-31 conductivity
and in-phase, and GPR survey results are presented in Figures 9 through 13,
respectively. EM and magnetic readings were taken on a 10-ft grid interval
across the site. The survey stations are denoted on the maps by the tick

7



marks along each survey line. GPR survey lines were run in a east-west di-
rection with a 5-ft survey line separation.

"The results of the magnetic total field, magnetic gradient, EM-31 conduc-
tivity and in-phase surveys are given in Figures 9-12, with descriptions and
locations of significant anomalies presented in Tables 1-4, respectively.

The GPR anomaly results are presented in Figure 13. As previously men-
tioned, individual GPR anomalies are represented with an "X whereas, more
widespread anomalies are represented by the shaded areas. Numerous individ-
ual anomalies as well as disturbed areas were interpreted. The linear anomaly
extending from (100W, OON) to (150W, 130N) as seen on the other anomaly
maps is also detected by the GPR, as well as a disturbed area between (140-
190W, 65-45N).

Table I
Decdption and Location of Significant Magnetic Total Relid
Anomalies, Site I

Nok 9 -,e Anomaly Desailpiln and LoosE..

I Approxdmately 10-ft wide poaltive Knoe an omaly extenMlng frnai

(100WOON) to (145W.130N).

2 PofhtiKnew anomaly extendng from 1 40W,70N) to (1 DOW,70N).

3 Speady emall PoW*ie In*& anomaly extending between (1 S0W. ION)
_nd_ (18OW,11ON).

4 Cimuer neave anomaly loctd at (00W,90N).

5 Small negative anomaly lom at (10W,130N).

6 Smal poestve anomaly centered on (70W. 11 N).

7 Postve 10-15 ft wide anomaly looated between (10OW.25N) and
1210W.1 N).
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Table 2
Description and Location of Significant Magnetic Gradient
Anomalies, Site 1

Reference Anomal Description and Location

Numbr

1 Circular anomaely centered on (OSW,70N1.

2 Circular sarnomly centered on (I OW,130N).

3 Unear anomaely between (40W.75N) end 165W.70N).

4 Snmal circular sarnomly centered on (70WI ION).

5 Soeres of Know trending anomalise exterNdng fromn (I IOWOON) to
______(150W,130N).

o Ancmaloua aeae bounded approximastely by 1140W,UON.I1 40W.1 2ON).
_______(21 OW. I20N). and (21 0W.50N).

7 Anonalcuearseacentered on (130W,20N).

Table 3
Description and Location Of Significant EM-31 Conductivity

1 Aiproximatey 10-ft wide Bnew low oconductivity aormalmy extendng from
____(I OO0W.00fd) to (IUSOW. I30N).

2 High conductivity Knew anmaldy extending from 13OW.t I ON) to
_____ (140W.1 20W).

3 Spatialy large, high conductivity nomaly centered on (I SSW, I ON).

4 SOnd. Ngh conductivty amnomay located at (I 85W.1120H).

5 Small negative anomasly located at 410W.1 SON).

* A Ngh4ow conductivity anomaly centered on (I 95W,75N).
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Table 4
Descdption and Location of Significant EM-31 In-phase Anomalies,
Site I

Refetrmn Anomay Doeaiptoend Loation
Number

I Negodw ciroular anomaly oentered approxmatady around (05W,SONI.

2 Snmd negve aomaly centr around (015W.1 20N).

3 Negative 0-ft wide lnear anomaly extending from (110 WA0N) to
(1_SOW.13020.

4 S positive nmomalyentered aound (130W.0tN).

5 CIkular neg"ve anoma located at (SOW.,0N).

6 Larg positive aomdy oantered about 1170W,90N).

7 SeM podii anoay centered about 1206W.75M.

Site 2 (between North Beacon Street and fuel storage area)

Site 2 is a narrow strip of land located between North Beacon Strueet and
the fuel storage area as shown in Figure 14. Figure 14 also shows the loca-
tion of cultural features which might have the potential to interfere with the
geophysical readings. The width of the site varied between S and 15 ft,
whereas the length varied between 120 and 310 ft. The western portion of the
site doped steeply to the south (towards North Beacon Street) causing Lines
OON and 05N to be shortened. Manetc toal field, EM-31 conductivity and
in-phase, and GPR surveys were conducted at this site. Magnetic and EM-31
readings were taken at 10-ft intervals along each survey line. GPR surveys
were run along the entire length of each survey line.

Figures 15 through 17 present the magnetic, conductivity, and in-phase
data, respectively, for Site 2. The figures have ben annotated indicating the
location of buried lines, manhole covers, monitoring wells, and other features
which might affect these readings. The graphed data show many anomalies as
indicated by the peaks and valleys. The majority of these anomalies can be
attributed to interference from cultural features. Figure 18 was prepared to
show the location of the anomalies as interpreted from the different teat and
to indicate their relative position to cultural features. Also preseated in
Figure 18 are the interpreted anomalies from the GPR survey. Figure 18
shows that indeed, most of the anomalies occur in the vicinity of, and are be-
ing affected by undergrmund lines, manhole coven, and monitoring wells.
However, there are basically two anomalous zones that cannot be attributed to
known cultural features. One zone consists of anomalous conductivity read-
ings (Lines OON, 05N, and ION) located approximately 120 ft west of the sur-
vey line starting point. The other anomalous area is located on line 05N ap-
proximately 140-150 ft west of the survey line starting point where a small
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magnetic and a significant in-phase anomaly were interpreted. 1he disturbed
anomalous zones determined from the GPR surveys appear to correspond with

the location of cultural features.

Site 3 (parking lot south of bldg. 37)

Figure 19 shows the location of Site 3 and the boundaries of the geophysi-
cal survey along with the locations of known buried utilities. Figure 20 shows
the layout of the geophysical survey grid and the location of cultural features.
The survey encompassed an area measuring 180 ft by 60 ft. Total field mag-
netic, magnetic gradient, EM-31 conductivity and in-phase, and GPR surveys
were conducted at this site and are presented in Figures 21 through 25, re-
spectively. EM-31 and magnetic readings were taken on a 10-ft grid interval.
G'PR survey lines were run in an east-west fashion with a S-ft survey line sep-
aration. As previously mentioned the purpmse of this survey was to determine
the presence of a UST near the northern portion of the parking lot.

The results of the magnetic total field, magnetic gradient, EM-31 conduc-
tivity and in-phae smveys are presented in Figures 21-24, respectively. The
significant anomalies interpreted from these surveys are presented in Tables
54, respectively.

The GPR anomaly results for Site 3 are presented in Figure 25. Individual
GPR anomalies are represented with an aX" whereas, more widepread anom-
alies ame represented by the shaded areas. Numerous individual anomalies as
well as disturbed ares were interpreted. A larW disturbed area Is noted in
the northern portion of the parking lot. Alo, there is a large mcmmetion of
individual GPR anomalies in the western portion of the parking lot.

Table 5
Description and Location of Significant Magnetic Total Field
Anomalies, Si~te3

Wwoemu , Devdyoeee m mW L~ewil

I A plue-mimw anaomly oeflted on (75W.OON).

2 PositIv 0iroUIW m nen d on (65W.$SN).

3 Ltag e0ongatd neg-Wv anomaly gdi between am rtu
(20W.,0N) and 115W.0ON).

4 Circular poit•v anomy l/ocated at (0 SMW.1 N.

5 stive nmy onocad at (ItoWOt).
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Table 6
Description and Location of Significant Magnetic Gradent
Anomalies, Site 3-

Ralrnga Aoml Dulpa adLee

I circular poaltiv anomaly centered on IOOWOOtd).

I Negatv aonomay centere on (36W.ON).

3 Poskiv aonomay cantered on 430W.OON).

4 Snug dreular anomaly centeed on (65W.4OtdR.

5 Nlegat we aonomay leoae at (SUW.60N.

6 Poalive anomaly antere at (150W.ISN).

7 moliv nomay centeed en ( ODW,6Od).

Table 7
Description and Location of Significant BM-31 Conductivity
Anomalies. Site 3

Keernee AnmlyDewda ndLse

______fromn (20W.SMN to (170W.tDN).

2 ~~Low ocnduatdvty anomaly cantere at 170W.OON.

3Low oanduadvilty anomaly catrdon (0 S0WION).
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Table 8
Description and Location of Significant EM-31 In-phase Anomalies,
Site 3

Reference Anomaly Description and Location

Number

1 Poeitive circular anomaly centerad approximately around (25W,25N).

2 Small negative anomnly centered around (OOW,6ON).

3 Positive circular anomaly centered about (35W.O0N).

4 Small poaitive anomaly centered around (50W,20N).

5 Circular negative anomaly located at (65W.OON).

6 Negative anomliy centered about (60W,60N).

7 Poeitive anomaly centered about (95W,15N).

I Positive anomaly centered about (1 25W,OON).

9 Large poeitive anomaly centered about (1 40W.20N).

10 Elongate positive anomaly extending between (140W.60N) and
(180W,60N).

Site 4 (parking lot west of bldg. 39)

As previously mentioned a geophysical investigation was carried out at
Site 4 to determine the location of unknown drain lines. The location of the
boundaries of the geophysical survey and the known buried utility lines for
Site 4 are shown in Figure 26. The layout of the geophysical grid and loca-
tion of cultural features are shown in Figure 27. The gridded area covered an
area 150 ft by 120 ft. Magnetic total field, EM-31 conductivity and in-phase
measurements were taken on a 10-ft grid interval. GPR survey lines were run
in an east-west and north-south fashion at 10-ft survey line intervals. To facil-
itate in the detection of pipes or drain lines, GPR survey lines are usually run
perpendicular to these linear features. Since the direction of the suspect drain
lines was unknown at Site 4, GPR lines were run in an east-west and north-
south configuration.

The results of the magnetic total field, EM-31 conductivity and in-phase
surveys for Site 4 are presented in Figures 28-30, respectively. The signifi-
cant anomalies interpreted from these surveys are shown in Tables 9-11, re-
spectively.

The GPR anomaly results for Site 4 are presented in Figure 31. There are
numerous GPR anomalies scattered across the surveyed area. It is noted that
there is a high concentration of GPR disturbed areas in the northwest portion
of the site coinciding with interpreted anomalous areas from EM-31 and mag-
netic surveys.
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Table 9
Description and Location of Significant Magnetic Total Field
Anomalies. Site 4

Anomaly
Referenme Anomaly Deeciption and Location
Number

I Magnetic low anomaly located approximately between (I1OW,20N) and
(1OW.70N).

2 Magnetic low anomaly located approximately between (20W,50N) and

(45W,50N).

3 High magnetic anomely encompasesng the northweet portion of the site.

4 Magnetic low anomaly along the southern boundary of site between
(OOWOON) (1 50WOON).

Table 10
Description and Location of Significant EM-31 Conductivity
Anomalies, Site 4

Anomal
Reference Anomaly Description and Locaton
Number

I Conductivity low anomaly located approximately between (IOW,20N) and
(1 OWOON).

2 Conductivity low anomaly located approximately between (20W.60N) and

(50W.e0N).

3 High conductivity anomaly along the southern portion of the survey are.

4 High-low broad (approx. 30 ft wide) conductivity anomaly in northwest por-
tion of the site. Anomaly Is centered along a line between (40W.120N) and
(1 0 W rBN).

14



Table 11
Description and Location of Significant EM-31 In-phase Anomalies,
Site 4

Reterence Anomaly Desmcption and Location

Number

I Negative anomaly along the eastern perimeter of survey area.

2 Elongated ent-weat trending negative anomaly between approximately
(25W,60N) and (70W,60N).

3 Eongated positive anomaly along the southern perimeter of survey area.

4 Broad, diagonally oriented anomaly in the northwest portion of the survey
ora. The anomaly runs along a line with approximate end points
M30W,1 20N) nd (1 30W.50N).

Site 5 (parking lot south of bldg. 243)

A geophysical survey using magnetic total field and EM-31 conductivity
and in-phase methods was conducted at Site 5 to delineate the location of pos-
sible drain pipes. The area covered by the survey and the location of under-
ground utilities is presented in Figure 32. Figure 33 shows the survey grid
points and the location of cultural features. Geophysical readings were taken
on a 10-ft grid spacing. GPR lines were run east to west with lines spaced
10 ft apart. An additional three lines oriented in a north-south sense were run
along lines 20E, ODE, and 20W.

The magnetic total field, EM-31 conductivity and in-phase survey results
are presented in Figures 34-36, respectively. A description and location of
the significant anomalies are presented in Tables 12-14, respectively.

The results of the GPR survey are presented in Figure 37. Two disturbed
areas were interpreted near the eastern portion of the site. Numerous GPR
individual anomalies were interpreted across the site.

15



Table 12
Description and Location of Significant Magnetic Total Field
Anomalies, Site 5

Reference Anomnaly Description and Location

Number

I Magnetic low anomaly located along eastern portion of the site.

2 Magnetic high anomnly located between approximiately 12SE,40N) and
_______ 0 (1 W.4N).

3 Low magnetic anomaly located between approximnately 01 5W.40N) and
________(50W.40N).

4 Elongated eset-weet trending maegnetic high anomnaly extending between
_________(25E.201J) and (30W.20N).

5 Smell negative anomaly centered about (OOW.OON).

o Magnetio high anomaely centered on (BOW,40N).

Table 13
Description and Location of Significant EM-31 Conductivity
Anomalies, Site 5

Reference Anomalty Doewlptian and Location

I Conductivity hig anomnaly centered about (5OL.2Ot).

2 aocelbl gal anomaely centered about (30E.20N).

3 Conductivity high anomaely located along northvern portion of the alto
approximastely between (50E.40N) and (40W.40N). This may be two

__________ earate arnmalles.

4 Smnal negative anomaly centered about IOOW.OON).

5 Conductivfty NOg anomaly centered en (BOW,40N).

16



Table 14
Description and Location of Significant EM-31 In-phase Anomalies,
Site 5

-nniv

Refearence Anomaly Description and Location

Number

I Negative anomaly centered about 430E.20N).

2 Large positive anomaly between (05E,40N) and (SOW,40N). Small negative
anomaly centered about (S5W,40N) is probably associated with twos positive

_________anomaly.

3 in-hae" positive anomaly centered about (OOW.OON).

4 In-phase positive anomaly centered on (SOW,40N).

17



4 Data Interpretation

In determining which of the anomalous areas are to be considered signifi-
cant, several factors must be considered. Anomaly detection is limited by in-
strument accuracy and local "noise" or variations in the measurements caused
by factors not associated with the anomalies of interest. For the anomaly to
be significant, it must be two to three times greater than responses due to
these factors. Since the anomaly amplitude, spatial extent, and wavelength are
the keys to detection, the size and depth of the feature causing the anomaly
are important factors in determining detectability and resolution. The intensity
of the anomaly is also a function of the degree of contrast in material proper-
ties between the anomaly and the surrounding material. Based upon the meth-
ods employed, noise conditions at the site and the assumption that the target
objects are relatively shallow (less than 10 ft), the areas indicated as anoma-
lous in Section 3 (Geophysical Test Results) can be considered as significant.
In the interpretation of the results, the above criteria were utilized and refer to
anomalies caused by localized contrasts in magnetic susceptibility and electri-
cal properties.

The location, an anomaly reftern number, type, and an itpretation of
the anomalies resulting from the geophysical surveys conducted at Sites 1
through 5 are presented in Tables 15-19, respectively. T tables also indi-
cate whether further action should be taken to determine the cause of the ano-
maly. The location of the geophysical anomalies descsibed in Tables 15-19
(Sites I through 5) are shown in Figures 38 through 42, respectively. The
numbered areas refer to the anomaly reference nunber used in the correspon-
ding anomaly interpretation table.

18
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5 Conclusions and
Recommendations

A geophysical investigation was conducted at five sites at the U.S. Army
Materials Technology Laboratory. TIe purpose of the investigation was to
determine any evidence of soil disturbance indicative of fill material at Sites 1
and 2, the presence of an underground storage tank at Site 3, and any evi-
dence suggesting the presence of unmapped underground lines capable of car-
rying wastes off the Laboratory boundaries at Sites 4 and 5. Magnetic, elec-
tromagnetic, and ground penetrating radar methods were employed to meet
these objectives. Numerous geophysical anomalies were interpreted for each
site. However, many of these anomalies were attributable to visible or
mapped objects capable of interfering with the geophysical tests. Maps show-
ing the locations of the interpreted anomaly locations, along with a corre-
sponding anomaly reference number, were constructed for each site. The
areas requiring further action were defined for each site.

The anomalous areas that should be considered for firther action include:

a. Site 1 - Anomaly numbers 2, 4, 5, and 6

b. Site 2 - Anomaly numbers 5, 6, and 9

c. Site 3 - Anomaly numbers 2, 4, 5, and 6

d. Site 4 - Anomaly numbers 3 and 5

e. Site 5 - Anomaly numbers 4, 5, and 6
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